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Abstract
Introduction At present, the risk of future hemorrhage or
ischemic insult from vertebral artery (VA) dissection cannot
be estimated from available imaging data. We investigated
the relationship between symptoms and the angiographic
patterns of the dissecting site on balloon test occlusion
(BTO) to develop guidelines for clinical decision-making.
Methods We retrospectively reviewed 18 patients with uni-
lateral VA dissection who presented with subarachnoid hem-
orrhage (SAH) or cerebral infarction. We analyzed the
angiographic findings at the dissecting site on contralateral
VA angiograms during BTO of the affected VA, classified
the angiographic patterns into two types, and compared the
symptoms they presented.
Results Patients with dissection opacified from the distal to
the proximal side are more likely to present with cerebral
infarction than SAH. Conversely, patients with dissection
opacified from the proximal to the distal side had a signifi-
cantly higher incidence of SAH.
Conclusions Angiographic findings at the dissecting site on
contralateral VA angiograms during BTO of the affected VA
are helpful for considering the treatment and prognosis of
patients with VA dissecting aneurysms.
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BTO Balloon test occlusion
MRI Magnetic resonance imaging
MRA MR angiographs
PICA Posterior inferior cerebellar artery
PCA Posterior cerebral artery
GOS Glasgow outcome scale
MD Moderate disability
Introduction
Increased awareness and better diagnostic methods have led to
an increase in the number of spontaneous, diagnosed, and
treated intradural arterial dissections. It has been proposed
that patients initially suffering from subarachnoid hemorrhage
(SAH) should undergo early repair of the aneurysm by open
surgery or obliteration of the aneurysm by endovascular pro-
cedures [1–4]. Rebleeding most often occurs during the acute
phase following aneurysmal rupture and is thought to be the
strongest prognostic indicator of a poor outcome. On the other
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hand, as unruptured vertebral artery (VA) dissection follows a
relatively benign clinical course, conservative treatment has
been advocated [5–9].
Many previous studies have provided initial angiographic
findings on VA dissections, e.g., the pearl-and-string or the
string sign, tapered occlusion, formation of a fusiform or
saccular aneurysm, the appearance of a double lumen, and
retention of contrast material in the late phase [1–13].
Among their anterograde diagnostic angiographic appearan-
ces, dilating lesions and a pearl-and-string structure predo-
minated among hemorrhagic dissecting lesions [4].
However, the risk of future hemorrhage or ischemic insults
from VA dissection cannot be estimated from currently
available imaging data.
To our knowledge, there have been no studies on the
angiographic appearance of the dissecting site on con-
tralateral VA angiograms obtained during balloon test
occlusion (BTO) of the involved VA. In the current
investigation, we focused on the relationship between
symptoms and the retrograde angiographic patterns of
the dissecting site during BTO of the affected VA to
identify prognostic factors in patients with spontaneous
dissection of the VA.
Materials and methods
This is a retrospective review of imaging data on consecu-
tively admitted patients with unilateral VA dissecting aneur-
ysms treated at our institution between April 1998 and
March 2003. Patients with SAH underwent four-vessel an-
giography. Patients with ischemic symptoms underwent
magnetic resonance imaging (MRI). MRI was with con-
ventional spin-echo techniques with T1 weighting; proton
density imaging and T2-weighted MRI were performed
in patients with ischemic symptoms. MR angiographs
(MRA) were acquired in all patients. Patients with pro-
gressive ischemic symptoms or enlargement of the dis-
section site during the follow-up period underwent
conventional angiography.
A 6-Fr guiding catheter (Medikit, Tokyo, Japan) was
inserted to the affected VA. A heparin intravenous bolus of
5,000 units was usually sufficient to obtain an activated clot-
ting time of about 250 s. Heparinization was used in all
patients even those with SAH at onset. All patients underwent
diagnostic angiography followed by 15-min occlusion toler-
ance test using a nondetachable silicon balloon (Equinox,
Micro Therapeutics, Inc. Irvine, CA, USA) to occlude the
parent VA just proximal to the dissecting aneurysm. Neuro-
logical findings were recorded during BTO. If neurological
deficits such as consciousness disturbance or focal neurolog-
ical deficits were recognized BTO was stopped immediately,
otherwise it was continued for 15 min. During BTO of the
affected VA, continuous-mode angiography (20 frames per
second) of the contralateral VAwas performed.
We studied findings on the dissecting site on contralateral
vertebral angiograms during BTO. Only aneurysms that
were located between the origin of the posterior inferior
cerebellar artery (PICA) and the VA junction, or located in
the VAwithout definite PICA involvement were analyzed to
exclude the influence of retrograde flow into the PICA from
the contralateral VA. Patients whose dissecting site was
located proximal to the PICA were excluded because retro-
grade flow from the contralateral VA was directly into the
ipsilateral PICA.
The angiographic pattern of retrograde filling into the
dissecting site during BTO was classified into two types
and their symptoms were compared. In type A, the dissection
was visualized from the distal to the proximal side (Fig. 1); in
type B, opacification was observed from the proximal to the
distal side (Fig. 2).
All patients and/or their families gave prior informed con-
sent for BTO. The study protocol was approved by the clinical
investigation committee of Kumamoto University. Our basic
treatment policy for ruptured VA dissecting aneurysms has
been reported elsewhere [14, 15]. Patients who tolerated BTO
underwent interventional surgery using detachable coils to
trap the dissecting site. For trapping, we used the double
microcatheter technique that facilities the simultaneous embo-
lization of both proximal and distal borders of the dissecting
segment [15]. Patients who did not tolerate BTO underwent
VA trapping with the VA posterior cerebral artery (PCA)
bypass procedure using a radial artery graft [14]. In patients
with unruptured VA dissecting aneurysm and no enlargement
of the dissecting site or new symptoms, we assessed additional
treatments to prevent bleeding. The management outcome
was evaluated using the Glasgow outcome scale (GOS)
at 6-month follow-up.
Results
Between April 1998 and March 2003, 65 patients presented
with SAH or ischemic symptoms from a dissection in the
unilateral VA. Of the 65 aneurysms, 15 were located between
the origin of the PICA and the VA junction, three were in the
VAwithout definite PICA involvement. These 18 aneurysms
were the focus of our retrospective study. Angiographically, at
the time of diagnosis, the 18 aneurysms appeared as a
sausage-like swelling (n06), pearl- and/or string sign (n08),
or as retention of contrast material (n04).
The age of the 18 patients ranged from 43 to 67 years
(mean 44.5 years); 10 presented with SAH and eight with
cerebral infarction. Preoperatively, of the 10 patients with
SAH, two each were recorded as grade I and grade II and six
as grade III on the Hunt and Hess score.
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The interval between the onset of symptoms and BTO
varied from 6 h to 16 days; the mean interval was 3.2 days
in the patients with SAH and 9.7 days in those with ische-
mic symptoms. There were no significant complications
attributable to BTO; no complications related to thrombosis
or rebleeding occurred during BTO. Our classification of the
18 aneurysms based on their angiographic pattern at the site
of dissection showed that 12 were of type A and six of type
B. Of the 12 patients with type A, four (33%) presented with
SAH and eight (67%) with cerebral infarction. All six type
B patients suffered SAH (Table 1) indicating that patients
with type A dissections tended to present with cerebral
infarction rather than SAH. On the other hand, patients with
type B had a significantly higher rate of SAH as the initial
symptom by the χ2 test (p00.01).
Of the 18 patients, 11 were treated, i.e., all 10 patients
with SAH (type A, n04; type B, n06) and one patient with
cerebral infarction (type A) underwent treatment. We treated
the patient with cerebral infarction because his ischemic
symptoms worsened instead of antiplatelet therapy on
day 16. All 11 patients were treated immediately after
BTO. In 10 patients (SAH, n09, cerebral infarction, n01),
we trapped the VA dissecting site using detachable coils.
One patient with SAH (type A) underwent VA trapping and
a VA-PCA bypass using a radial artery graft. There were two
patients with neurological deficits after treatment. In one,
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Fig. 1 Type A dissecting aneurysm. a DSA of the left vertebral artery showing a fusiform dilation. b, c, d Consecutive angiograms of the right
vertebral artery during BTO showing that the site of dissection is opacified distal to proximal
Fig. 2 Type B dissecting aneurysm. a DSA of the left vertebral artery showing a fusiform dilation. b, c, d Consecutive angiograms of the right
vertebral artery during BTO showing that the site of dissection is opacified proximal to distal
mild ataxia was recognized; it resolved at 6 months post-
treatment and he manifests moderate disability (MD). The
other patient transiently exhibited mild lateral medullary syn-
drome; his symptoms improved at 3 months post-treatment.
Two patients required angioplasty due to vasospasm; their
mild hemiparesis subsequently improved. At 6 months after
treatment, 10 patients manifested good recovery and one MD
on the GOS. There were no patients with recurrent hemor-
rhage during post-treatment follow-up of 2 years. We treated
seven patients with type A cerebral infarction conservatively;
they suffered no additional neurological deficits during the
follow-up period of 2 years. Based on the GOS, at 6 months
after the insult, all seven manifested good recovery.
Discussion
Although it can result in complications, cerebral angiography is
currently the method of choice for a radiological diagnosis of
VA dissecting aneurysms. Themajor documented angiographic
findings associated with VA dissecting aneurysms are irregular
stenosis with or without focal dilation, known as the “pearl-
and-string sign,” and occlusion of the affected vessel [1–13].
These are indirect signs suggestive of a dissecting aneurysm.
Delayed retention of contrast medium in the partially throm-
bosed pseudolumen is considered a relatively reliable sign
supporting this diagnosis and although rarely encountered, an
angiographic “double lumen” is a definitive diagnostic sign.
Conventional angiography, while useful for the diagnosis
of dissecting aneurysms, places patients under stress and may





Type A (n012) 4 (33) 8 (67)
Type B (n06)* 6 (100) 0 (0)
Total (n018) 10 (56) 8 (44)
Values in parentheses are percentages
*p00.01, significant difference; χ2 test
Fig. 3 Illustration of a type A dissecting aneurysm. The gray area
represents the pseudolumen. Arrows demonstrate the flow of blood
through the true lumen and the pseudolumen
Fig. 4 Illustration of a type B dissecting aneurysm. The gray area
represents the pseudolumen. Arrows demonstrate the flow of blood
through the true lumen and the pseudolumen
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elicit complications. Because MRI and MRA studies are non-
invasive, they can be performed repeatedly to monitor the site
of dissection for changes over time. On T1-weighted- and
fluid-attenuated inversion recovery MRI scans, intraluminal
VA hematomas can be detected and the pearl-and-string and
the double lumen sign are characteristic MRA findings of VA
dissecting aneurysms [16–18]. On 3D contrast-enhanced
images, a double lumen at the site of dissection is visualized
[18]. Basiparallel anatomical scanning MRI, a technique that
reveals the surface contour of the intradural vertebrobasilar
artery, aids in the evaluation of the clinical course of unrup-
tured VA dissections [12, 19, 20].
Most initial angiograms of unruptured VA dissecting
aneurysms demonstrate a stenotic pattern including an occlu-
sive stricture [5–9]. Mizutani et al. presented a series of 42
patients with ruptured VA dissecting aneurysms; 30 suffered
subsequent hemorrhages [2]. In their series, the most common
and typical angiographic findings were, in order, an irregular
fusiform appearance, alternating irregular stenotic and dilated
segments, and retention of contrast medium in the late phase.
However, there was no significant correlation between the
angiographic appearance of the aneurysms and their subse-
quent rupture.
Yamada et al. reported that the pearl-and-string appearance
of VA dissecting aneurysms was a significant prognostic
factor for a poor outcome [3]. They postulated that ruptured
pearl-and-string aneurysms may be the result of a dissection in
the wall of the lesion that reaches the adventitia, and that this
may increase their tendency to bleed, resulting in repeated
hemorrhages and poor outcomes. In lesions with stenotic or
occlusive strictures, the dissecting hematoma may not reach
the adventitia and this may explain why patients with this type
of lesion had good outcomes. Therefore, they suggest that
patients with angiographic features of a pearl-and-string stric-
ture may be candidates for aggressive attempts to prevent
rebleeding in the acute period.
Mizutani et al. investigated the pathological mechanism(s)
and precise 3D structure of nine cerebral ruptured dissecting
aneurysms and their clinical course [21]. According to their
findings, the primary mechanism by which a cerebral dissect-
ing aneurysm is created is the sudden disruption of the internal
elastic lamina with the plane of dissection extending through
the media. The majority of aneurysms have one entrance into
the pseudolumen (entry-only type) and this type is associated
with an unstable clinical course. Some cerebral dissecting
aneurysms have both an entrance and exit (entry-exit type)
and maintain a constant flow of blood through the pseudolu-
men; these aneurysms are clinically more stable than the
entry-only type.
Our type A (Fig. 3) dissecting aneurysms are consistent
with the entry-exit type of Mizutani et al. while the type B
(Fig. 4) aneurysms are compatible with their entry-only
type. In the course of our 2-year follow-up, seven patients
with type A cerebral infarction were treated conservatively,
they suffered no further hemorrhage or ischemic attacks.
One-third of the 12 patients with type A presented with
SAH and was at low risk for bleeding. All six type B
patients manifested SAH, indicating that patients with type
A dissections tended to present with cerebral infarction
rather than SAH. On the other hand, patients with type B
had a significantly higher rate of SAH as the initial symptom
by the χ2 test (p00.01).
Conclusions
Patients whose dissection on contralateral angiograms of the
VA during BTOwas visualized from the proximal to the distal
side had a significantly higher incidence of SAH as the initial
symptom. Conversely, patients with a dissection opacified
from the distal to the proximal side tended to present with
cerebral infarction rather than SAH. These findings are of use
when considering the prognosis and optimal treatment of VA
dissecting aneurysms. Further studies with larger populations
are underway to test our preliminary findings and to provide
guidelines for clinical decision making.
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